Until 1956 the somatic chromosome number of man was generally considered to be 2n = 48. In that year, however, observations were published that strongly indicated the real somatic number to be 46.1,2 This chromosome number was later confirmed by several other investigators, whose results are reviewed in a recent paper by Ford, Jacobs, and Lajtha.A Since 1956, only Kodani4 has reported human chromosome numbers other than 46, viz., 47 and 48. Ford, Jacobs, and Lajtha,3 in reporting the results of their studies on human bone marrow, also summarized all human cases with 46 chromosomes and arrived at a total of 60, excluding those of Kodani. To these can now be added all 13 individuals whose cells were studied in tissue culture at the
108 * Less than 3 per cent of the mitotic figures were polyploid. Hence polyploid cell counts were performed on larger cell samples than those from which the diploid mitoses arose, in order to provide a number of polyploid cells sufficiently large to be reliable. As the table shows, in the sample of 108 polyploid cells selected at random, no chromosome number other than 92 was encountered.
cultures are listed together with the organs from which they originated and the number of cells on which exact chromosome counts were made. As can be seen from the table, the cells were taken from several different organs. The organ of origin of the initial biopsy had no influence on the chromosome numbers or morphologies. The ages of the subjects varied from one to forty-one years. All cells 1229 were of a fibroblast-like morphology and were grown as previously described in a synthetic nutrient medium, supplemented with 15 per cent fetal calf serum which was pretested with respect to its efficiency in promoting colony formation from single mammalian cells5. The cell strains were cultivated as monolayers on glass, and exhibited a doubling time of 16-24 hours. Cells were harvested by trypsini- Table 2 .
logical characteristics. The pairs have been assembled in 8 groups on the basis of their sizes and the positions of their centromeres (Table 2 ). Table 2. studied by us. In this respect our observations are different from those carried out on the Rhesus monkey by Rothfels and Siminovitch,7 who found that the mean arm ratio of the chromosomes is generally higher in female nuclei than in the male.
Measurements of the chromosomes were carried out on enlarged photographic prints magnified about 4,000 times. In a series of measurements the length of the longest pair of chromosomes was found to be 6.8 41. 4 M, while that of the shortest VOL. 4:4, 1958 1233 GENETICS: TJIO AND PUCK pair was 1.36 ± .31 ,u. However, considerable variation from these absolute lengths (though not their ratio) may be obtained in different preparations depending on the degree of chromosome contraction exhibited by the individual cells when slides are prepared according to the technique here employed. The diagram of Figure  5 is based on the data given in Table 2 . For easier indentification of the chromosome pairs, the various types have been placed in three rows in Figures 3 and 4 . The upper row consists of long chromosomes with a mean length index of 9.6-5.8; the middle row contains the mediumsized chromosomes of mean length index 5.0-4.5; and in the last row are the small chromosomes with mean length index of 3.7-1.8 (see Table 2 ). The long chromosomes are subdivided into 3 groups, and the short ones into 4 groups. Although recognition of the individual pairs within the groups in many mitoses is difficult or occasionally uncertain, it should be stressed that the assignment of the chromosomes to their respective groups can always be made with confidence in carefully prepared slides.
As can be seen from the figures and the table, many of these chromosome pairs, such as 1, 2, and 3 of group I, can be easily identified. Some of the pairs are more difficult to differentiate from one another, as is the case with numbers 4 and 5 of group II and many of the pairs in group IV. In this latter group the position of the centromere is the most important differentiating characteristic, the ratio of the arm lengths varying progressively from a submedian condition in number 7 to subterminal in number 12. Pair Table 2 . second arm, although they are probably part of the heterochromatic regions which are commonly found close to the centromere in various living forms.
The X chromosome is one of the largest chromosomes. It is rather similar to the chromosome pair number 6, for which reason it has been placed with this pair in group III. It differs from pair number 6 in being slightly larger and in having its centromere in a somewhat less median position. (In the preliminary report on the morphology of the human chromosomes given in our earlier paper, a tentative opinion was expressed concerning the morphology of the X chromosome, which has now been changed as a result of more detailed analysis presented here.) Without analysis of the whole karyotype, the X chromosome is difficult to identify, especially in female cells because of its similarity with pair 6. On the contrary, the Y chromosome is readily recognized. Identification of the sex of the subject from which the tissue has been taken is thus simple: In males there are 5 chromo-VOL. 44, 1958 1235 somes in group VIII, while females have only 4, so that recognition is unequivocal, as shown in Figures 3 and 4 . As already mentioned, there are two chromosome pairs carrying satellites, viz., pairs 18 and 21. These satellites are visible only in particularly clearly delineated preparations. When they are visible, however, they usually are similar in size. Three exceptions to this rule have been found: In the cells of these persons a heterozygosity in the size of the satellites was observed. In one of these subjects there were two heterozygous chromosome pairs, numbers 18 and 21, and in the two others only number 21 was heterozygous. Variations in the size of the satellites, including the occurrence of heterozygous individuals, has been reported in various species of plants.8-"1 The effect, if any, of this stable cytogenetic marker on the hunman phenotype remains to be studied.
'T" -pc-c-t olw ervations on the morphology of the human chromosomes are rAlly in good a-reement with the results of Ford, Jacobs, and Lajtha.3 The nmiaiin advance in the present study appears to be that it has now been possible also to identify the X chromosome.
The threefold larger size of the human X chromosome over that of the Y, which renders the human female cell approximately 4 per cent greater than the male in chromosomal volume, is of particular interest. This condition confers, at least potentially, a substantially richer genetic capacity on the female, a feature which may underlie some of the differences between the sexes which have been considered to be largely functional, as for example, their notable difference in longevity. This difference also leads to the expectation that different kinds of responses to X-irradiation may be demonstrable in cells from the two sexes in appropriately designed experiments. It is obvious that a knowledge of the karyotype of man is important in many types of research, including an understanding of the action of radiation on human cells; localization of specific human genes; the nature of malignancy; and identification of chromosomal sex of individuals with varying degrees of clinical hermaphroditism.
Summary.-The human chromosomes have been analyzed from cells which originated in a variety of organs of 13 different individuals and which were grown in vitro under carefully controlled conditions. Exact counts were performed on almost 2,000 cells, of which 99.9 per cent revealed chromosome numbers of 46 or 92, the tetraploid frequency being less than 3 Three cases of complementation between allelic mutants in heterocaryons of Neurospora crassa have been reported in which the individual homocaryons lack a specific enzymatic activity.'-3 More recent and apparently similar phenomena have been observed in which data relating to the involvement of a single enzyme are still lacking. 4 6 The present paper presents a detailed analysis of heterocaryon complementation between ad-4 mutants, each of which has impaired adenylosuccinase activity. The results suggest that the linear structure of both a gene and its products may be revealed by the pattern of interallelic heterocaryon complementation. The enzyme adenylosuccinase, found in wild-type extracts, catalyzes the splitting of adenosine monophosphate succinate (AMP-S) to adenosine monophosphate (AMP) and fumarate, as well as the splitting of the analogous purine precursor SAICAR to AICAR6 and fumarate." I Adenylosuccinase activity has not been found in appreciable amounts (less than 1 per cent of wild-type activity) in any of the ad-4 mutants tested, and partial restoration of activity has been detected in all cases examined in which complementation occurs. The degree of complernentation varies widely among the different mutant combinations; i. e., growth rates of the heterocaryons on minimal medium range from less than 0.2 to 4 mm/hr (wild-type rate), and enzyme activities range from less than 1 to 25 per cent of wild-type activity. Brief reports of certain of these results have been presented previously.7 8 VOL. 44, 1958 1237 
